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f#i® |/ Descriptions

BRCL3160BMFG R R TEE F/EREAVMIREBBERIFPNSERERRASE
BRCL3160BMFG 3F T St HITH=E MOSFET , s AV EH& NI BRFERTEERR,,

BRCL3160BMFG EBIFE/\Y SOT23-6 FIEIEE ,:‘@ﬁ’ W%%#HE%‘:‘E RN FF=EpRHISIEE/IaT
ZeEEEEItH4AR . BRCL3160BMFG BEBEII7 , I , iR | BRSNS ERIFINEE , HE
TERTHREIERER. 1Z O MYUAFIMmMET , & ﬁﬁ?—tﬂ S E R RGN FeEE R AT
EHEBNSIMEE RN ARE.

The BRCL3160BMFG series product is a high integration solution for lithium-lion/polymer battery
protection.BRCL3160BMFG contains advanced power MOSFET, high-accuracy voltage detection
circuits and delay circuits.

BRCL3160BMFG is put into an ultra-small SOT23-6 package and only one external component makes
it an ideal solution in limited space of battery pack. BRCL3160BMFG has all the protection functions
required in the battery application including overcharging, overdischarging, overcurrent and load short
circuiting protection etc. The accurate overcharging detection voltage ensures safe and full utilization
charging.The low standby current drains little current from the cell while in storage. The device is not
only targeted for digital cellular phones, but also for any other Li-lon and Li-Poly battery-powered
information appliances requiring long-term battery life.

Y$1E /| Features

MEREERLEN 40mQ BISTIHATITHER MOSFET ;

FB/\E1%E SOT23-6 ;

SRR ; SFRBRERGR ; 2 RIRGAR | IWMERIR , RERERER ;
FEEBESIEM ; OV FEithFEERINgE |, FER HTFEHP\]ﬁBixE , e EREERN ;
RERSERAR : IERTIERIR : 4.0uA ; FHEBIAR : 2.0uA; 3&E ROHS FIFHRTE.

Integrate advanced power MOSFET with Equivalent of 40mQ Rps(on):

Ultra-small SOT23-6 package;

Over-temperature Protection; Overcharge Current Protection; Two-step Overcurrent Detection:
Overdischarge Current; Load Short Circuiting.

Charger detection function; OV battery charging function; delay times are generated
inside;High-accuracy voltage detection.

€ Low Current Consumption; Operation Mode: 4.0pA typ; Power-down Mode: 2.0pA typ ;

RoHS Compliant and Lead (Pb) Free.

L 2K 2K JEER 2R 2R 2R 2R 2

*

& /| Applications

BRSEEFRIhE ; SRR SYIRIME.,
One-Cell lithium-ion battery pack; Lithium-Polymer battery pack.
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BABYRTFEFRERE / Typical Application
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DATA SHEET

NC GND

VM VDD

NC NC
BRCL3160BEMFG

(LS RIFEAGBEIT I ETAZAIR AR,

QA mEAILFHEBEMRIFIIEE | EAEEE T REARRZFHEE

Notes:

O
Charger+

(1) The chip power consumption shall not exceed the maximum power consumed by the package.
(2) This product has anti-static protection function, but do not exceed the maximum capacity of the
product to withstand static electricity.

SIEHES) / Pinning

6 (1] NC GND
8
1 > 5 [Z] v VDD | 3
2 @
’ \» 4 [ 3] NC NC
3 ®
5| S 5 |BIEFR 5|k Be
Pin Number Pin Name Pin Description
1. 3. 4 NC No electrical connection
2 VM The negative terminal of the charger. The internal FET switch
connects this terminal to GND.
5 VDD Power Supply
6 GND Ground, connect the negative terminal of the battery to this pin.

EPERE / Marking
DOENERISEEA.,

http://www.fsbrec.com

See Marking Instructions.
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RPRES%L |/ Absolute Maximum Ratings(Ta=25°C)
2#J/Parameter fFE/Symbol #&/Value EA{3]/Unit
Vpp input pin voltage Vin -0.3t0 +6.0 Y
V input pin voltage Vum -4.0 to +8 V
Power Dissipation Pp 400 mw
Maximum Junction Temperature T, 125 T
Lead Temperature T 300 T
Operating Junction Temperature Topr -40 to +85 T
Storage Temperature Tstg -55 to +150 C
_ Resa 250 CIW
Package Thermal Resistance -
Reuc 130 C/W
ESD ( HBM Mode ) ESD +2000 \Y
HI4EES#L /| Electrical Characteristics( [RIESRIERE , Ta=25°C)
S Parameter #S Mg Test | BME SRS | BAE | B4
- /Symbol Condition /Min | /Typ | Max | /Unit
Overcharge Detection Voltage Veu 425 | 430 | 4.35 \%
Overcharge Release Voltage Vel 4.05 | 410 | 4.15 v
Overdischarge Detection Voltage VoL 230 | 240 | 250 | V
Overdischarge Release Voltage Vor 290 | 3.00 | 3.10 v
Charger Detection Voltage Veha -0.12 v
Overdischarge Current1 Detection liov Vgg=3.5V 4 A
Load Short-Circuiting Detection IsHORT | Vgq=3.5V 20 A
Current Consumption in Normal _ _
Operation lope V4e=3.5V, Vy=0V 4 6 MA
Current Consumption in power
Down P P lpon | Vaa=2V,Vy floating 2 4 HA
Equivalent FET on Resistance Ros | Vau=3.6V, lw=1A 40 50 mQ
Over Temperature Protection TsHp+ 120
gggﬁt;l'eemperature Recovery Terp. 100
Overcharge Voltage Detection _ 5
Delay Time Tcu Vpp=3.6V~4.4V 150 ms
Overdischarge Voltage Detection 35
Delay Time Too Vpp=3.6V~2.0V ms
Overdischarge Current1 Detection T 8
Delay Time lovi | Vpp=3.6V ms
Load Short-Circuiting Detection _
Delay Time Tshorr | YoD=3-6V 70 uS
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INEEHEE] / Functionl Block Diagram

VDD GND
{ | { ]
| . -
D S i S
occ oDV, ocV
I S
BG Logic Switeh
T { ] L Charge —=
Detection
OoTP ?CP PDC E)DC1
VM

INfEHEiR / Functional Description

BRCL3160BMFGistzeE itV AR | FHBd M e ssak sk , (RIFPET Al Rl A= E Al
FREE , BEEE , SRER  IHERUREERFERMRR. REINEREKESE, MOSFETERE |
&R REEREYF/940mQ),

The BRCL3160BMFG monitors the voltage and current of a battery and protects it from being damaged
due to overcharge voltage, overdischarge voltage, overdischarge current, and short circuit conditions
by disconnecting the battery from the load or charger. The peripheral circuit is very simple. The
MOSFET is integrated and its Rps(ony is as low as 40mQ typical.

EET{ERX / Normal Operating mode

MRKBENVENEARERR  BHE—E , REINESEEREERESR. XFPERRAEEL
(=5

If no exception condition is detected, charging and discharging can be carried out freely. This condition
is called the normal operating mode.
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i37EB1ER / Overcharge Condition

FIEEFM THRENRES , HEBESTIFRGUEE (VCU ) FHRFEEAIEIAZRIE 7B ENRER
BE) ( TCU ) 8¢RI , BRCL3160BMFGIEKURFETLUZLETEE, XFMERR AT REES
LATEMERT | iS7BE B HRE

(1) Y FRTIIFHEREE (VCL), BRCL3160BMFGFFHaIEE , BIRIER TIEER,

(2) HEE— A THE , BRCL3160BMFGITH#HIHE |, RIZIEE TIEEN. MRYEINT : &
FrREEMEERZZRS M ENAISTETRE | VMBEARI0.7V ( B ZIRERIIERERE ),
BRCL3160BMFGIGNIEXMEESS |, HETHEERERE VCU , 8Tk , SEEEERTE N
=)

VCU ), BRCL3160BMFGIZZIRERIERE TFEL , (BRNRBitBEES T ER@NEE (VCU ), B
FREEEEN  CREARRERERTIHER , WREETEEEETIFRIQNEE (VCU ), 5
Hb, eI EREGRER |, ANRVMEBESFTERTFIERUGNEE , TRARRERIERTIFE.

it - SEPEREEBEIEFRIGNEE (VCU ) FEEMEEERFEREIIFIGNEE (VCU ) LIT , B
I E— T LASENSRAVER: | RIS R2EAS TR | BRI EREIIFEN ( VCU ) LT,
BRLFr EHEMEB AR , SEhE F— 1 Ei , BittiBERIEESE | XTSRRI R2Mas)
1E.

When the battery voltage becomes higher than the overcharge detection voltage (VCU) during
charging under normal condition and the state continues for the overcharge detection delay time (TCU)
or longer, the BRCL3160BMFG turns the charging control FET off to stop charging. This condition is
called the overcharge condition.

The overcharge condition is released in the following two cases:

(1) When the battery voltage drops below the overcharge release voltage (VCL), the
BRCL3160BMFG turns the charging control FET on and returns to the normal condition.

(2) When a load is connected and discharging starts, the BRCL3160BMFG turns the charging control
FET on and returns to the normal condition. The release mechanism is as follows: the discharging
current flows through an internal parasitic diode of the charging FET immediately after a load is
connected and discharging starts, and the VM pin voltage increases about 0.7 V (forward voltage of the
diode) from the GND pin voltage momentarily. The BRCL3160BMFG detects this voltage and releases
the overcharge condition. Consequently, in the case that the battery voltage is equal to or lower than
the overcharge detection voltage (VCU), the BRCL3160BMFG returns to the normal condition
immediately, but in the case the battery voltage is higher than the overcharge detection voltage
(VCU),the chip does not return to the normal condition until the battery voltage drops below the
overcharge detection voltage (VCU) even if the load is connected. In addition, if the VM pin voltage is
equal to or lower than the overcurrent 1 detection voltage when a load is connected and discharging
starts, the chip does not return to the normal condition.

Note: If the battery is charged to a voltage higher than the overcharge detection voltage (VCU) and the
battery voltage does not drops below the overcharge detection voltage (VCU) even when a heavy load,
which causes an overcurrent, is connected, the overcurrent 1 and overcurrent 2 do not work until the
battery voltage drops below the overcharge detection voltage (VCU). Since an actual battery has,
however, an internal impedance of several dozens of mQ, and the battery voltage drops immediately
after a heavy load which causes an overcurrent is connected, the overcurrent 1 and overcurrent 2 work.
Detection of load shortcircuiting works regardless of the battery voltage.
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iISHEBIEIER / Overdischarge Condition

FIEEMEBEIES |, HEEEFERIRUGNEE (VDL ) LUT, B R aA B h e B A U RE R
BE) ( TDL ) 881 , BRCL3160BMFGISIHTEE AN AYERE | (FLEAREE, XFMERHIR IS IR E
B, SIEHIREBRIFETHRNT , VMEIZWERVMESVDDZ [ERIRVMDEEREIFHIZEISERY , B SHEY
FEEEFEIMARERMAIRERIR (IPDN ), XMERBARARIERER. EEBFAARERS , VMAIVDDZ A
=2

RVMDEE[RERE, H— " 7eEsiEE FHEVMEBEETRERNEE ( VCHA ) Bt ARRIASARR, 1XAT
FREEFET{HARMITRY, e EFASEI M NEE(VDLEESR ( &£ ), BRCL3160BMFGFT
FF FETIEANIEE TIFEX.

& AR TR E R TE 7S |, IR VMIGEENMET ZEMNEE (VCHA ) FEEiD
EEEATIIHARISEESE ( VDR ) 5iES |, SHIEARER,

When the battery voltage drops below the overdischarge detection voltage (VDL) during discharging
under normal condition and it continues for the overdischarge detection delay time (tDL) or longer, the
BRCL3160BMFG turns the discharging control FET off and stops discharging. This condition is called
overdischarge condition. After the discharging control FET is turned off, the VM pin is pulled up by the
RVMD resistor between VM and VDD in BRCL3160BMFG , the current of the chip is reduced to the
power-down current (IPDN). This condition is called power-down condition. The VM and VDD pins are
shorted by the RVMD resistor. The power-down condition is released when a charger is connected and
the potential difference between VM and VDD becomes typical or higher,at this time, the FET is still off.
When the battery voltage becomes the overdischarge detection voltage (VDL) or higher (see note), the
BRCL3160BMFG turns the FET on and changes to the normal condition from the overdischarge
condition.

Note: If the VM pin voltage is no less than the charger detection voltage (VCHA), when the battery
under overdischarge condition is connected to a charger, the overdischarge condition is released (the
discharging control FET is turned on) as usual, provided that the battery voltage reaches the
overdischarge release voltage (VDR) or higher.
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TSR / Overcurrent Condition

EETHFEET  SHEERFTHESTRENE (VMEESFTEETIRERGNEE ) FERFHEHES
[ENAZ A ER FRACEEIR AT ), BRCL3160BMFGRBTRERFET (S LERES, IXFRIERAR ISR RIE R &
EIERRL I ERFAIRERCIEER ) EHERER N VMFIGNDIFRVMSEELSERE 7. H—1
ThEEZE L , VMEBESTVDDRZEEEE FABE.,

BFVMFIGNDZai&EsRE RVMSHEE | Kzt , VMEBBERAIEIBERAZ, SiaNEIVMBAH{ETER
IGMEBE , DR EEIERERE.

When the discharging current becomes equal to or higher than a specified value (the VM pin voltage is
equal to or higher than the overcurrent detection voltage) during discharging under normal condition
and the state continues for the overcurrent detection delay time or longer, the BRCL3160BMFG turns
off the discharging control FET to stop discharging. This condition is called overcurrent condition. (The
overcurrent includes overcurrent, or load shortcircuiting.) The VM and GND pins are shorted internally
by the RVMS resistor under the overcurrent condition. When a load is connected, the VM pin voltage
equals the VDD voltage due to the load.

Because of the connection between the VM and the GND by the RVMS resistor , when the load is
removed, the VM pin goes back to the GND potential since the VM pin is shorted the GND pin with the
RVMS resistor. Detecting that the VM pin potential is lower than the overcurrent detection voltage
(VIOV1), the IC returns to the normal condition.

SEZRBEREIEN / Abnormal Charge Current Detection

IEEFER , WNRVMEBEFERFEENEELT(VCHA) | 7 Bi4RRT BT IS 7o i A N ZE A i (6]
(TCU) , BRCL3160BMFGXMFeFBFET/ZLETRE, XMIERFR AR EFTHE RGN,

Wir7eEEas , VMFIGNDZ BB/ EE T 7 aat@ileE £ (VCHA)RY |, %‘}EEEEEU. VRIS, ETOVESD
FENRENERESTAERERATEICN , BitEEREAEMIEEHTOVRER , BEFEERGN
BATIE.

If the VM pin voltage drops below the charger detection voltage (VCHA) during charging under the
normal condition and it continues for the overcharge detection delay time (TCU) or longer, the
BRCL3160BMFG turns the charging control FET off and stops charging. This action is called abnormal
charge current detection.

Abnormal charge current detection is released when the voltage difference between VM pin and GND
pin becomes higher than the charger detection voltage (VCHA) by separating the charger. Since the 0
V battery charging function has higher priority than the abnormal charge current detection function,
abnormal charge current may not be detected by the product with the 0 V battery charging function
while the battery voltage is low.
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REIEIRIER / Load Short-circuiting Condition

NRVMEESTRIEEMARIFEE ( VSHORT ), FBF4EE @& R GNZEIRESE ( tSHORT ),
BRCL3160BMFGIESAHMIHEILINE, 2 VMEBEETREBMAIFEE ( VSHORT ) B, FlantaEd
kR |, EERESHER.

If voltage of VM pin is higher short circuiting protection voltage (VSHORT) and it continues for
the tSHORT or longer, the BRCL3160BMFG will stop discharging and battery is disconnected
from load. This status is released when voltage of VM pin is higher than short protection
voltage (VSHORT), such as when disconnecting the load.

OV EBith7EFBINGE / OV Battery Charging Function

HINEERTELBMEE] OVAIRBHHTHERE. SRl BTN _IRE G TR

BB, SEEESTIMEGNEE (VDL) B, RIFICENERETIERE.

iE (WRESTLEMEERIE , RRrsERFE , J_EEE%EEEABE’J%'IEJ&ZEE’J THIR)RIEE AL AR |

ARSI EERE "feiTA OVEEihFTE" E’Jlj_'lﬁb B2 "ZEIEMOVERjthzEE" AYTHEE.

(2) "UFEOVEFREETNEE" L "FREEE A IThRE" 1#55'6?&%5_‘., E, 52 " FerFEOVERjthFEEE”

}J“”EI’JIC Rt ERRAIHEREBHIFTE. Bt EETEMENEE (VDL ) LATRES , Aeei
TR FRIRSHIE,

(3)%1%113%— Rz ERIPEBERAT | XMBISOIREASHANIEERT | WA, WWR~=EXFHs |

FVMERBESTGNDEE (EVMEGNDIZEReIEREFTEES ), MalLAHAIEEERR.

This function enables the charging of a connected battery whose voltage is OV by self-discharge. When

connectes to a charger , the discharging control FET is off and the charging current flows through the

internal parasitic diode in the discharging control FET. If the battery voltage becomes equal to or higher

than the overdischarge release voltage (VDL), the normal condition returns.

Notes :

(1) Some battery providers do not recommend charging of completely discharged batteries. Please

refer to battery providers before the selection of 0 V battery charging function.

(2) The OV battery charging function has higher priority than the abnormal charge current detection

function. Consequently, a product with the 0 V battery charging function charges a battery and

abnormal charge current cannot be detected during the battery voltage is low.

(3) When a battery is connected to the IC for the first time, the IC may not enter the normal condition in

which discharging is possible. In this case, set the VM pin voltage equal to the GND voltage (short the

VM and GND pins or connect a charger) to enter the normal condition.
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BJFEE / Timing Chart

T 7T BB ELE M/ Overcharge And Overdischarge Detection

A
Veou X

veu-VHe

Battery
voltage
VousVou
VoL

ON

DISCHARGE

OFF

ON
CHARGE

OFF

A
Voo

\,_\{V:ul
Vss

Vera

Charger connection [*®
Load connection =

!

1

t
'“"F

- Ll Lol B

(1) 2) 1) (B) (1)

AR 72/ Overdischarge Current Detection

Veu . Battery
VeuVie |Vonage
VoL.VoH
Voo
L
ON
DISCHARGE
OFF -
\j f
VERorT -
Vmﬁ
s k- e -
Charger connection
Load connection |g > >
- — > -
tiowt Iz tehorT
-t — Pt — P —
(1) “4) (1) 4) (1 (4) (n
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BJFEE / Timing Chart

FCHEE&/Charger Detection

A
Veu
Veou-ViHg

Battery|
voltage
Voo
Vou -

ON &

DISCHARGE

OFF
4

Voo

VM

Vs

CHa _

Charger connection »
Load connection

Y

A
Y

A
A

1) ) 1)

S E7FBAREIN/Abnormal Charge Detection

Vou
VeuVHG

Battery
voltage //

VouVou
VoL = <t

ON
DISCHARGE
OFF
ON
CHARGE
OFF

A

Voo

VM

Vs
GHA

Y

Charger connection
L oad connection - -

tcu

(1) (3) (1) (2) (1)

Notes: (1) Normal condition (2) Overcharge voltage condition (3) Overdischarge voltage condition (4)
Overcurrent condition
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YMZRTE / Package Dimensions
0°~ne
“\8
L
o 0.25 Gouge Plane

|
|
. - = =
Pint Dot By Marking [._
|
| | —
: ; 3 =
C
El ~

E

E

Unit: mm
Dimensions In Millimeters Dimensions In Milimeters
Symbol - Symbol -

Min Ma x Min Max

L 2.82 3.02 E1 0.85 1.05

B 1.50 1.70 o 0.35 0.50

C 0.90 1.30 C 0.10 0.20

L1 260 3.00 b 0.35 055

= 1.80 2.00 F 0 0.15

SUTe3-6
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ENEi5%BE / Marking Instructions

3160BG

*k*k%k

[ J
1eBA
31608 : S R A=
G: AFTRF A
kil NEFHSE | BEFHSTIL.
Note:
3160B: Product Type.
G: HF Product Code.
el Lot No. Code, code change with Lot No.
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EiRZEEMZ%EE(FTER) /| Temperature Profile for IR Reflow Soldering(Pb-Free)

350
300 | FA5L5T
8 25D j |"_5_' 0.5 sac
@ N
S 200 ———— 5
5 150 | —
o ’J_/-"' \\
g 100 o 60 ~ 90 sec
K - ; .
50 | f,f/
o e I W
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280
Time (sec)
15488 Note:
1. FRERE 150 ~ 180°C , Aj&] 60 ~ 90sec; 1.Preheating:150~180°C, Time:60~90sec.
2. IBERE 245+5°C , BYE#EFED 5+0.5s€c; 2.Peak Temp.:245+5°C, Duration:5+0.5sec.
3. IREHIFRSAIEE S 2 ~ 10°C/sec. 3. Cooling Speed: 2~10°C/sec.

MHEIERIRIES M / Resistance to Soldering Heat Test Conditions

BE . 260+5°C B8] : 10+1 sec. Temp.:260+5°C Time:10+1 sec

Mg /| Packaging SPEC.
HHEME% /| REEL

Package Type Units B2#E Dimension %R (unit : mm3)
£t Units/Reel|Reels/Inner Box{Units/Inner Boxnner Boxes/Outer BoUnits/Outer Box & "
A s | s PN Py g Reel Inner Box& | Outer Box

SOT23-5/6 | 3,000 10 30,000 4 120,000 | 7° x8 [210x205x205[445x230x435

{EFBIEE / Notices
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